Background: Most cases of acute gouty arthritis are diagnosed in primary care and without joint fluid analysis in many instances. Our objectives were to estimate the validity of this diagnosis by family physicians and to develop a diagnostic rule.
G
OUT IS A COMMON MEDIcal problem affecting many patients worldwide. The annual incidence ranges from 62 to 180 cases per 100 000 1,2 and the annual prevalence from 940 to 1400 cases per 100 000, 2, 3 and approximately 6.1 million US adults 20 years or older have had gout. 3 Primary care physicians diagnose and manage most patients with gout. 4, 5 Less than 10% of patients diagnosed as having gout are referred to rheumatologists. 6 In primary care, this diagnosis is based on clinical signs and symptoms, usually without synovial fluid analysis for the presence of monosodium urate (MSU) crystals, which is the reference test for the diagnosis. 4 We found no evidence to suggest that joint aspiration is unnecessary for diagnosis of gout in primary care. 7, 8 The number of patients involved renders it more than a theoretical issue to gain greater insight into the validity of gout diagnosed by physicians in primary care. Failure to diagnose gout and incorrect diagnosis of gout may have adverse consequences (equivalent to withholding appropriate management) for many patients.
Therefore, we studied the validity of acute gouty arthritis diagnosed by family physicians, with the presence of synovial MSU crystals as the reference test. From the signs and symptoms of patients, we developed and internally validated prediction models with the objective to develop a diagnostic rule without need for joint fluid analysis.
cluded patients seen with signs and symptoms of a monoarthritis by Dutch family physicians (FPs) irrespective of whether this was an index case of arthritis or a recurrent episode or whether a previous episode was considered gout. Within 24 hours of presentation to the FP, the affected joint was aspirated, and synovial fluid was analyzed for the presence of MSU crystals. In all eligible patients, gout diagnosis by participating FPs was evaluated using 2ϫ2 tables, with the presence of MSU crystals as the reference test. After this, prediction models were developed and validated in patients with gout by FP diagnosis using multivariate logistic regression analysis by linking the presence of MSU crystals to clinical variables. The rationale was that further diagnostic procedures for detecting gout would generally only be pursued in patients who were suspected by physicians of having the disease.
The study was conducted in the eastern part of the Netherlands among a population of about 330 000 inhabitants (March 24, 2004 , through July 14, 2007) . The FP practices that eventually participated in the study covered 180 000 to 200 000 of this population. In the Netherlands, all inhabitants are registered with a personal FP who provides primary care for about 2000 to 3000 people and who refers patients for secondary medical care to a hospital if needed. After study inclusion, patients with the presence of MSU crystals were also invited to participate in a randomized clinical trial (Trial Registration: www .controlled-trials.com Identifier: ISRCTN14648181) on the effectiveness of prednisolone; the trial was approved by the regional ethics review committee (Arnhem-Nijmegen).
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PROCEDURES
We invited FPs to participate in the study personally and at regional educational meetings. We asked participating FPs to recruit consecutive patients with monoarthritis who were encountered and diagnosed in the setting of primary care during regular office hours (Monday through Friday, 8 AM to 6 PM). The FPs sent recruited patients to our regional hospital research center (Department of Rheumatology, Rijnstate Hospital, Arnhem, the Netherlands) with concealed information about their diagnosis.
To obtain clinical variables at the time of study inclusion, patients were evaluated in the research center by one of us (M.J., substituted in a few instances by a rheumatologist colleague) using a standard interview, physical examination, and laboratory testing within 24 hours of visiting the FP. The clinical variables were not collected by the FPs to avoid interference with their daily work. For practical reasons, the evaluation was combined with inclusion and informed consent procedures of the study. Table 1 gives an overview of the collected clinical variables. Synovial fluid was aspirated from the affected joint of each patient and was microscopically analyzed to identify the presence of MSU crystals.
If MSU crystals could not be identified and other crystalinduced arthropathies and septic arthritis were excluded, patients were classified as meeting accepted diagnostic criteria for joint diseases, such as psoriatic arthritis and reactive arthritis, or as having arthritis of unknown cause. All patients with arthritis of unknown cause were followed up for at least 1 year until July 2007. In the event of recurrent episodes, patients were completely reevaluated, including synovial fluid analysis, at each recurrent episode. If MSU crystals were later identified during the follow-up period, the patient was then classified as having gout according to the reference test, with the initial falsenegative MSU test result changed to a positive result.
Information about the FP diagnosis (gout or nongouty arthritis) remained concealed from the investigators until the final diagnosis or throughout the follow-up period if no diagnosis was established. Thereafter, FP diagnoses among patients were evaluated to define samples and to develop and test the prediction models.
STATISTICAL ANALYSIS
Data were analyzed from all patients with signs and symptoms of monoarthritis. Family physician gout diagnosis (index test) was related to the presence of synovial MSU crystals (reference test) to evaluate diagnostic test characteristics (sensitivity, specificity, positive and negative predictive values, and positive and negative likelihood ratios) using 2ϫ2 tables.
In patients with gout by FP diagnosis, signs and symptoms were analyzed using descriptive statistics (mean [SD] numbers and percentages) and univariate logistic regression (odds ratios, 95% confidence intervals, and P values), with the presence of MSU crystals as the dependent variable. The occurrence of missing values was evaluated. The following 3 multivariate logistic regression models, with the presence of MSU crystals as the dependent variable, were fitted to the data set of the sample: a statistically optimal model (model 1) and 2 predefined models (model 2 and model 3). In model 1, selection of predictor variables was based on statistical significance. In models 2 and 3, selection of predictor variables was based on external knowledge and on practical availability during regular patient care.
Model 1, the best model given the data, was used to gauge the performance of models 2 and 3, which were developed for convenient clinical use. Between models 2 and 3, the most appropriate regression model was chosen.
For model 1, all variables with PϽ.20 in the univariate logistic regression analysis and a plausible direction of the regression coefficient (based on generally accepted knowledge) were selected for inclusion in the full multivariate logistic regression model. This full model was subsequently reduced by stepwise exclusion of all variables with PՆ.10. For model 2, the following variables were selected: male sex, previous patient-reported arthritis attack, onset within 1 day, joint redness, first metatarsophalangeal joint (MTP1) involvement, and hypertension or 1 or more cardiovascular diseases. Model 3 included the same variables as model 2 but also included the laboratory variable of serum uric acid level exceeding 5.88 mg/dL (to convert serum uric acid level to micromoles per liter, multiply by 59.485).
Diagnostic performance of the 3 models was evaluated using receiver operating characteristic (ROC) curve analysis (area under the curve), the fraction of variance by the model was explained (Nagelkerke R 2 ), 10 and the model fit (with respect to the data) was assessed according to Hosmer-Lemeshow goodness-of-fit, P value, and calibration slope. The calibration slope is a measure of "extremeness" of the predictions: a slope of 1.0 indicates complete agreement between observed and predicted probabilities. 11 Calibration plots compared observed frequencies vs predicted probabilities of the presence of MSU crystals in deciles of the risk score. The most appropriate model was then chosen between model 2 and model 3. The bootstrap method (ie, repeated sampling with replacement) with 300 repetitions without variable selection was used to determine the shrinkage factor. 12,13 Variable selection was not included in the bootstrap procedure because we used a predefined model. The regression coefficients of the final model were multiplied by the shrinkage factor to reduce overoptimism of the model in new patients. The final model was then transformed to an easy-to-use diagnostic rule by rescaling the regression coefficients of the variables. The performance of this diagnostic rule was evaluated, and the prevalence of gout confirmed by the presence of MSU crystals was assessed at several cutoff points.
In secondary analyses, models were tested in all patients with monoarthritis, including those judged by FPs as having nongouty Figure 1 shows the study profile. Ninety-three FPs recruited 381 patients with monoarthritis. Their mean age was 57.7 (13.6) years, and 285 patients (74.8%) were male. The presence of MSU crystals was identified in 216 patients (56.7%), 209 at the initial investigation and 7 during the follow-up period. A total of 328 patients (86.
RESULTS
Of 328 patients with an index test diagnosis of gout (included in the regression models), the mean age was 58.0 (13.5) years, 261 (79.6%) were male, and hypertension, 1 or more cardiovascular diseases, and diabetes were present in 146 (44.5%), 81 (24.7%), and 25 (7.6%), respectively. The presence of MSU crystals was identified in 209 patients (63.7%). Of 53 patients excluded from the regression models (with an index test diagnosis of nongouty arthritis), 24 (45.3%) were male, the mean age was 55.8 (14.2) years, and hypertension, 1 or more cardiovascular diseases, and diabetes were present in 16 (30.2%), 9 (17.0%), and 3 (5.7%), respectively. The presence of MSU crystals was identified in 7 nongouty patients (13.2%). Table 1 summarizes findings of the descriptive statistics and univariate logistic regression analyses of diagnostic indicators and risk factors for the presence of MSU crystals among 328 patients who were included in the regression models. The number of missing values was low; therefore, missing values were not replaced.
After the univariate procedure and the multivariate logistic regression procedure that included stepwise exclusion of all variables with P Ն10, model 1 (the statistically optimal model) consisted of 8 variables (including 2 laboratory values) that were independently predictive in multivariate logistic regression analysis. The equation for model 1 is as follows: −4.66 (intercept) ϩ (0.92 ϫ male sex) ϩ (1.02 ϫ previous patient-reported arthritis attack)ϩ(1.83ϫMTP1 involvement)ϩ (1.01ϫ hypertension or Ն1 cardiovascul a r d i s e a s e s ) ϩ ( 1 . 1 5 ϫ b e e r c o n s u m p t i o n ) ϩ (2.44 ϫ serum uric acid level Ͼ5.88 mg/dL) ϩ (0.68 ϫ erythrocyte sedimentation rate Ͼ20 mm/h for men or Ͼ30 mm/h for women).
The eighth variable was the presence of tophus, which was 100% specific for the presence of MSU crystals in synovial joint fluid analysis. Therefore, a regression coefficient for this variable could not be calculated, but the variable was kept in the model by awarding the maximum risk score for patients with tophus. Results of the multivariate logistic regression analysis in the predefined models (models 2 and 3) are given in Table 2 . Except for onset within 1 day and joint redness, all other variables (male sex, previous patientreported arthritis attack, hypertension or Ն1 cardiovascular diseases, MTP1 involvement, and serum uric acid level Ͼ5.88 mg/dL) were independently predictive in multivariate regression analysis based on their respective P values.
Performance of the 3 models is summarized in Table 3 . The area under the ROC curve for the statistically optimal model (model 1) was high, with the areas under the ROC curve for models 2 and 3 being slightly lower. Compared with model 2, the performance of model 3 was better based on area under the ROC curve, Nagelkerke R 2 , Hosmer-Lemeshow goodness-of-fit test, and calibration slope. Accordingly, model 3 was chosen as the final model. The areas under the ROC curve for models 1 and 3 are shown in Figure 2 .
The regression coefficients of variables included in model 3 were first multiplied by a shrinkage factor of 0.81, and the regression coefficients were then rescaled to easy-touse scores ( Table 4 ). The area under the ROC curve for this diagnostic rule was 0.85 (95% confidence interval, 0.81-0.90). Figure 3 shows the calibration plot of the rule. As confirmed by the presence of MSU crystals, the prevalences of gout at 3 cutoff scores (Յ4, Ͼ4 to Ͻ8, and Ն8 points) on the final diagnostic rule were 2.2% (1 of 45), 31.2% (15 of 48), and 82.5% (193 of 234), respectively.
Among all patients with monoarthritis, including those judged by FPs as having nongouty arthritis, the area under the ROC curve for the diagnostic rule was 0.87 (95% CI, 0.84-0.91). As confirmed by the presence of MSU crystals, the prevalences of gout at the 3 cutoff scores (Յ4, Figure 1 . Study profile. FP indicates family physician; MSU, monosodium urate. *Tested positive for cyclic citrullinated peptide antibodies or rheumatoid factor positive or had progression to rheumatoid arthritis (2 patients), psoriatic arthritis (2 patients), pseudogout (5 patients), poststreptococcal reactive arthritis (2 patients), arthritis secondary to inflammatory bowel disease (1 patient), Lyme disease arthritis (1 patient), bacterial arthritis (1 patient), osteoarthritis (1 patient), or no arthritis (4 patients). †Tested positive for cyclic citrullinated peptide antibodies or rheumatoid factor positive or had progression to rheumatoid arthritis (10 patients), psoriatic arthritis (4 patients), pseudogout (9 patients), reactive arthritis (1 patient), poststreptococcal reactive arthritis (3 patients), arthritis secondary to inflammatory bowel disease (3 patients), Lyme disease arthritis (2 patients), bacterial arthritis (2 patients), palindromic rheumatism (5 patients), osteoarthritis (9 patients), or no arthritis (8 patients).
Ͼ4 to Ͻ8, and Ն8 points) on the final diagnostic rule were 2.8% (2 of 72), 27.0% (17 of 63), and 80.4% (197 of 245).
COMMENT
To our knowledge, this diagnostic study is the first to develop a clinical prediction model for the diagnosis of acute gouty arthritis in primary care. We present a model that showed a good internal validity and performed nearly equally as well as the statistically optimal model even after the correction for overoptimism of the model in new patients and the transformation of the regression coefficient to easy-to-use scores. The model contains a limited number of signs and symptoms and 1 laboratory test (serum uric acid level), predefined based on prior knowledge of their association with gout and their availability to primary care physicians in routine daily practice. This yielded a diagnostic rule that could discriminate patients with gout using scores for the following 7 variables that are easily ascertainable in primary care: male sex, previous patient-reported arthritis attack, onset within 1 day, joint redness, MTP1 involvement, hypertension or 1 or more cardiovascular diseases, and serum uric acid level exceeding 5.88 mg/dL. The positive and negative predictive values of FP diagnosis of gout were moderate in our study. The presented diagnostic rule helps FPs to select patients with high vs low probability of gout and to restrict the use of joint fluid aspiration to test for the presence of MSU crystals for patients with remaining uncertainty about the diagnosis.
On the diagnostic rule, a score of 4 or less ruled out gout in almost 100% of patients. Diagnoses such as rheumatoid arthritis, pseudogout, psoriatic arthritis, and reactive arthritis must be considered in these patients. Among patients with a score of 8 or higher, gout was confirmed in more than 80%, indicating gout-specific management options such as systemic corticosteroid use (instead of nonsteroidal anti-inflammatory drugs), 9 uric acid-lowering therapy if indicated, 14 and evaluation of gout-associated cardiovascular [14] [15] [16] [17] and renal 18 diseases. At this score range, a false-positive diagnosis of gout was found in 17% of patients, which is better than the FP false-positive diagnosis rate of 36.3%. However, the risk of missing other important conditions remains. Thirty-two patients with falsepositive results according to the diagnostic rule were classified as having arthritis of unknown cause, and only 1 patient was classified as having a possible prestage of rheumatoid arthritis. None had septic arthritis (data not shown). This implies that the false-positive outcomes only occasionally missed important diagnoses at a cutoff score of 8 or higher on the diagnostic rule. In addition, development of another disease over time must be noted if the arthritis continues, deteriorates, or recurs. A midrange score (Ͼ4 to Ͻ8) leaves uncertainty about the diagnosis (with gout confirmed in about 30%). In these patients, analysis of synovial fluid from the affected joint for the presence of MSU crystals should be considered if necessary for future management. With the help of a computer program or calculator, the original untransformed (shrunk) regression coefficients of the final model can be applied to more accurately predict gout diagnosis for an individual patient compared with the simple scores of the diagnostic rule.
We used a model with predefined variables rather than a data-derived model. Fitting such an optimal model using variables based on statistical significance in small data sets such as ours has the following risks: a few patients can alter the model (unstable selection), variables may be nonsignificant due to chance processes, standard errors and P values are underestimated, and power to select important variables is limited. 12 Our strategy to fit a model with predefined variables (based on external knowledge independent of statistical significance and shrunk by the bootstrap method to correct for overoptimism of the model in new patients) is considered the most obvious choice in this situation. 12 Despite this, overoptimism of the model may occur among new patients. Therefore, our diagnostic rule needs to be validated in other primary care populations before definitive implementation in daily practice, as the application in a single data set may not indicate its performance among future patients. 13 Because most patients with gout are diagnosed (and subsequently managed) in primary care, the setting of our study was relevant for investigating gout. 4, 5 The included patients had a high priori probability of physiciandiagnosed gout in the general population.
There are several limitations of the study. The clinical variables were not assessed by the participating FPs but by one of us (M.J.) according to the study protocol. Although this may have limited the generalizability of our results, we believe that the variables in the proposed diagnostic rule can be reliably assessed by FPs as well.
Because the diagnostic rule was developed in a population of patients with monoarthritis seen by FPs, its application pertains to them and not to patients with oligoarticular and polyarticular arthritis. However, the prevalence of oligoarticular and polyarticular (gout) arthritis is low among primary care patients. 19 Because monoarthritis was the inclusion criterion, the probability of gout was raised among the studied patients. Rather than (possible) selection bias, this reflects the population of interest in whom FPs diagnose acute gouty arthritis. As a consequence, there is little risk that this aspect of patient recruitment biased our findings. Bias at the testing stage (eg, verification bias) was another risk of our study. However, participating FPs were invited to send all patients with presumed monoarthritis even when referral was not needed from the perspective of regular primary care. There were no exclusion criteria, and all patient data were evaluated without delay, which could have diluted the association between presenting signs and symptoms and MSU crystal identification.
Aspirated joint fluid was thoroughly searched for MSU crystals (sensitive detection), and detected crystals were specifically identified by rheumatologists (M.J. and colleague) with experience in synovial fluid analysis. The sensitivity of crystal detection is estimated to be higher than 95%, with a specificity higher than 97%, even by trained observers who had no previous experience in synovial fluid analysis. 20 In addition, study patients with identified MSU crystals were eligible to participate in a randomized clinical trial accompanying the present study. 9 However, in 63 patients (19.2%), no MSU crystals were detected and no other joint diagnosis established. Our study findings would have differed if patients with arthritis of unknown cause had turned out to have true gout diagnoses after our follow-up period of 1 to 3 years. Most gouty reattacks would have occurred within the follow-up period, and (as expected) this did not happen frequently. In addition, the proportion of patients with arthritis of unknown cause in our study was low compared with the proportion of patients with undifferentiated arthritis reported in population surveys or investigations among patients at early-arthritis clinics. 21, 22 Although it is not difficult to obtain the variables to compute the diagnostic rule score, time constraints in busy practices and perceived complexity may prevent the use of the model. To alleviate this, an online calculator is available on the Internet (http://www.umcn.nl/goutcalc).
In conclusion, our study using an unequivocal reference test for the presence of synovial MSU crystals elucidates the validity of clinical signs and symptoms for diagnosing acute gouty arthritis in primary care. We developed and validated a diagnostic rule without joint fluid analysis for use by FPs. The rule may also be helpful in defining eligible patients with gout for participation in research settings vs other clinical criteria such as those of the American College of Rheumatology, 23 which appear recently to have limited validity.
